Genetic redundancy among durum wheat accessions as assessed with SSRs and endosperm proteins by Ruiz Valcárcel, Magdalena et al.
Genetic redundancy among durum wheat accessions as assessed 
by SSRs and endosperm proteins
M. Ruiz1*, E. Aguiriano1, P. Giraldo2 and J. M. Carrillo2
1  Centro de Recursos Fitogenéticos (CRF). Instituto Nacional de Investigación y Tecnología Agraria 
y Alimentaria (INIA). Autovía de Aragón, km 36. Apdo. 1045. 28800 Alcalá de Henares (Madrid). Spain
2  Departamento de Biotecnología. ETSI Agrónomos. Universidad Politécnica de Madrid (UPM). 
Ciudad Universitaria. 28040 Madrid. Spain
Abstract
Reducing duplication in ex-situ collections is complicated and requires good quality genetic markers. This study
was conducted to assess the value of endosperm proteins and SSRs for validation of potential duplicates and monitoring
intra-accession variability. Fifty durum wheat (Triticum turgidum ssp. durum) accessions grouped in 23 potential
duplicates, and previously characterised for 30 agro-morphological traits, were analysed for gliadin and high molecular
weight glutenin (HMWG) subunit alleles, total protein, and 24 SSRs, covering a wide genome area. Similarity and
dissimilarity matrices were generated based on protein and SSRs alleles. For heterogeneous accessions at gliadins the
percent pattern homology (PH) between gliadin patterns and the Nei’s coefficient of genetic identity (I) were computed.
Eighteen duplicates identical for proteins showed none or less than 3 unshared SSRs alleles. For heterogeneous
accessions PH and I values lower than 80 identified clearly off-types with more than 3 SSRs unshared. Only those
biotypes differing in no more than one protein-coding locus were confirmed with SSRs. A good concordance among
proteins, morphological traits, and SSR were detected. However, the discrepancy in similarity detected in some cases
showed that it is advisable to evaluate redundancy through distinct approaches. The analysis in proteins together with
SSRs data are very useful to identify duplicates, biotypes, close related genotypes, and contaminations.
Additional key words: cereals; duplicates; ex-situ collections; molecular data; prolamins.
Resumen
Evaluación de la redundancia genética con microsatellites y proteínas del endospermo en accesiones 
de trigo duro
Reducir la existencia de duplicados en las colecciones ex-situ es una tarea complicada que require el uso de bue-
nos marcadores geneticos. En el presente trabajo, se evalúa el valor de las proteínas del endospermo y de los SSRs
para la identificación de duplicados potenciales y el análisis de la variabilidad dentro de las accesiones. Se han se-
leccionado 50 accesiones de trigo duro (Triticum turgidum ssp. durum), agrupadas en 23 duplicados potenciales y pre-
viamente caracterizadas para 39 caracteres agro-morfológicos. Se ha analizado su composición en proteina total, ale-
los de gluteninas de alto peso molecular (HMWG) y 24 SSRs, cubriendo gran parte del genoma. Con los datos de los
alelos de proteínas y SSRs se han generado matrices de similitud y disimilitud. En las accesiones heterogéneas para
gliadinas se ha calculado el porcentaje de homología entre los patrones de gliadinas (PH) y el coeficiente de identi-
dad genética de Nei (I). Los 18 duplicados idénticos en su composición en proteínas mostraron menos de 3 alelos
SSRs diferentes. En las accesiones heterogéneas, los valores de PH e I menores de 80 identificaron a los individuos
fuera de tipo, con más de 3 alelos SSRs diferentes. Solamente aquellos biotipos que diferían en no más de 1 locus pro-
teíco se confirmaron con SSRs. Se ha detectado una buena concordancia entre los datos de proteínas, los SSRs y los
caracteres agromorfológicos. Sin embargo, las discrepancias observadas en algunos casos avalan la necesidad de eva-
luar la redundancia mediante distintos marcadores. El análisis conjunto de los datos de proteínas y SSRs es muy útil
en la identificación de duplicados, biotipos, genotipos cercanos y contaminaciones.
Palabras clave adicionales: cereales; collectiones ex-situ; datos moleculares; duplicados; prolaminas.
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Introduction
In a broader sense, genebank duplication can be de-
f ined as accessions derived from the same original
population, having alleles in common. Historical dupli-
cate accessions, however, may diversify from the primary
sample in genetic composition during maintenance in
ex-situ collections (Hintum and Knüpffer, 1995). For these
reasons duplicate entries would be expected to be equally
different from each other and from their common origi-
nal accession, and thus form a genetically homogeneous
group (Lund et al., 2003). But the amount of genetic di-
versity acceptable between duplicate entries is still not
well-defined. Consequently, reducing duplication is more
complicated than generally assumed and requires good
quality genetic markers to estimate genetic similarities.
The potential use of these markers depends on their
polymorphism and repartition on the genome, avoiding
redundant information. Speed, cost, and reproducibility
determine their utility for genebank management.
In wheat, morphological and physiological characters
which were traditionally used provide practical infor-
mation to breeders, but they are not sufficient because
of low polymorphism and variation under environment.
Molecular markers at the protein level such as endosperm
proteins (gliadins, glutenins, albumins, and globulins)
are primary products of gene expression and can reveal
small changes (e.g. mutations) inaccessible to visual exa-
minations. The extensive heterogeneity of gliadin elec-
trophoretic composition confers a high level of discri-
mination among wheat cultivars (Sapirstein and Bushuk,
1985; Metakovsky, 1991; Kudryavtsev et al., 1996).
Allele identification is also useful to distinguish bioty-
pes from an off-types, or admixtures, in heterogeneous
accessions (Metakovsky, 1991; Kudryavtsev et al.,
1996). The disadvantage of this approach is that gliadins
are encoded by only six loci (Gli-) on the short arms
of chromosomes of the first and sixth homoeologous
groups (Payne et al., 1982). Electrophoresis analysis
of total endosperm protein, including albumins and
globulins, and HMWG (high molecular weight glute-
nin) subunits allows a wider genome coverage because
they are controlled by groups 1, 2, 3, 4, 5, 6, and 7 of
wheat chromosomes (Fra-Mon et al., 1984; Singh and
Skerritt, 2001).
Nowadays, characterisation of germplasm by means
of DNA fingerprinting techniques supplies a tool for
a precise estimate of genetic diversity. In this context,
SSRs are high polymorphic genetic markers with a uni-
form distribution in the wheat genome and are very
useful for studying the variability of wheat germplasm
(Röder et al., 1998; Maccaferri et al., 2003).
In previous research, we identified 106 potential du-
plicates of durum wheat accessions maintained at the
National Plant Genetic Resources Centre (Spain) using
passport data, 30 agro-morphological characters and
gliadin banding patterns (Ruiz and Aguiriano, 2004).
In some cases, potential duplicates similar in gliadin
patterns differed in two or more agro-morphological
characters indicating that more molecular markers,
including SSRs, were required for resolving these
cases. Furthermore, the identification of gliadin alleles
would allow the computation of genetic distances bet-
ween duplicate accessions and to identify admixtures
in heterogeneous accessions.
In the present research, some of the duplicates pre-
viously studied have been analysed for gliadin and
HMWG subunits alleles, total protein, and SSR alleles.
The objective was to assess the value of endosperm
proteins and SSRs for validation of potential duplica-
tes, and monitoring the intra-accession variability.
Material and methods
Materials
Fifty durum wheat accessions grouped in 23 potential
duplicates were selected from a previous study (Ruiz and
Aguiriano, 2004). Some duplicates were similar in gliadin
patterns but differed in several agromorphological traits,
and others showed concordance between the two data sets.
Potential duplicates (landraces or cultivars) had identical
variety names and contained two or three accessions.
One cultivar, Andalucía 344, was also included because
of its high intra-accession gliadin variability.
Agro-morphological traits
The accessions were evaluated in previous research
(Ruiz and Aguiriano, 2004) for 30 agro-mophological cha-
racters habitually used for wheat variety identification.
Endosperm protein analysis
As a minimum, ten grains per accession were analy-
sed for intra-variety characterisation for gliadins, HMWG
subunits, and total protein. Gliadins were extracted
from half single seeds and fractionated in acid (pH 3.1)
polyacrylamide gel electrophoresis (A-PAGE) according
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to Laf iandra and Kasarda (1985). Identif ication of
most of the Gli-alleles was performed in previous
research (Aguiriano et al., 2006) following the catalo-
gue of Kudryavtsev et al. (1996). Electrophoresis of
total protein and HMWG subunits was performed on
sodium dodecyl sulphate polyacrylamide gels accor-
ding to Payne et al. (1980). HMWG subunits alleles at 
Glu-A1 and Glu-B1 loci were identified following the
nomenclature of Payne and Lawrence (1983).
SSR analyses
All the genotypes different in protein composition
were examined with SSRs. Three genotypes (accessions
Granja de Badajoz and Raspinegro) were not analysed
because weak amplification products were produced.
The same grain analysed for protein was germinated
and DNA was isolated from fresh leaves following a
protocol of Doyle and Doyle (1990). Twenty-three primer
pairs, selected based on their independent genomic
distribution, profile quality and polymorphism level,
were used to amplify the A and B genomes. Primer se-
quences, reaction mixture, and PCR cycles were same
as described by Röder et al. (1998). The forward primers
of each primer pair were fluorescently labelled with 6-
carboxyfluorescein (6-FAM), hexacloro-6-carboxy-
fluorescein (HEX), and tetrachloro-6-carboxyfluorescein
(TET). The allele size was analysed in an ABI PRISM
310 Genetic Analyser. The method described by Ghosh
et al. (1997) was followed to determine the integer
allele size. The analysed SSRs and their chromosome
arm location were: Xgwm2 (3AS), Xgwm11 (1BS),
Xgwm46 (7BS), Xgwm60 (7AS), Xgwm88 (6BL),
Xgwm95 (2AS), Xgwm120 (2BL), Xgwm136 (1AS),
Xgwm148 (2BS), Xgwm154 (5AS), Xgwm155 (3AL),
Xgwm156 (5AL), Xgwm234 (5BS), Xgwm251 (4BL),
Xgwm299 (3BL), Xgwm332 (7AL), Xgwm389 (3BS),
Xgwm408 (5BL), Xgwm445 (2AL), Xgwm513 (4BS),
Xgwm570 (6AL), Xgwm577 (7BL), Xgwm601 (4AL).
The primer pair for Xgwm332 amplified alleles from
two separate microsatellite loci in all accessions.
Statistical analysis
Similarity and dissimilarity matrices were generated
for accessions within duplicates. Three pairwise indexes
were calculated: the distance of Rogers (1972) as modi-
f ied by Wright (1978), dRW, for gliadin and HMWG
subunit alleles, Jaccard (1908) similarity index, sJ, for
SSRs, and Goldstein and Pollock (1997) distance, dGP,
for SSRs. The threshold of genetic difference between
accessions in a potential duplicate group was the smallest
value observed between any pair of distinct accessions.
For heterogeneous accessions at gliadin loci the percent
pattern homology (PH) between gliadin banding patterns
(Sapirstein and Bushuk 1985) and the Nei (1972) coeffi-
cient of genetic identity (I) were computed. Relation-
ships between variables within duplicates were exami-
ned by Pearson correlation coefficients. The Goldstein
and Pollock distances for SSRs were calculated with the
computer package SPAGeDi 1.1 (Hardy and Vekemans,
2002) and the rest of the analyses were performed with
the NTSYS-pc software (Rohlf, 1992).
Results
Protein analysis
Gliadin and HMWG subunit alleles of the varieties
studied are shown in Table 1. Thirty-nine accessions
were characterised by one specific gliadin genotype
(gt. 1) and identified as monomorphic. The rest com-
prised one gliadin more frequent genotype (gt. 1) and
one or two less frequent (gt. 2 and gt. 3). All the accessions
involved in the same potential duplicate had the same
gliadin gt. 1 except for the variety group Mindum and
accession 3 of Semental (Table 1). All the gt. 1 iden-
tical for gliadins showed no differences in HMWG
subunits and total protein, except for Berberisco and
Recion duplicates. So, three grains of accession 2 of
Berberisco (gt. 1+) differed from gt. 1 in one total protein
band. The gt. 1+ of accession 2 of Recion differed from
gt. 1 in the slightly lower mobility of the HMWG
subunit 8 encoded at Glu-B1. Except for Mindum and
accession 3 of Semental, dRW between gt. 1 of accessions
in the same potential duplicate group was 0. The
minimum dRW between known distinct accessions was
0.353. Accessions of Mindum and accession 3 of Se-
mental showed larger values between gt. 1 of their du-
plicate group (dRW = 0.707 for Mindum and 0.866 for
Semental). In contrast accession 3 of Semental presen-
ted a dRW =0 with gt. 1 of Recio de Baza accessions.
SSRs analysis
Table 2 shows the comparison of gt. 1 for agro-mor-
phological characters and SSRs between accessions
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Table 1. Gliadin (Gli- alleles), high molecular weight glutenin (HMWG) subunits encoded at Glu- loci and total protein of
the potential duplicate groups of durum wheat accessions
Variety group
Accession Genotype
a
Gli-A1 Gli-A3 Gli-B5 Gli-B1 Gli-A2 Gli-B2 Glu-A1 Glu-B1
Total
no. No. Frequency protein
b
Alaga 1 1 1.00 b — a new-1 k new-1 1 13+16 S
2 1 1.00 b — a new-1 k new-1 1 13+16 S
Almendral 1 1 1.00 b a o b f h N 13+16 S
2 1 0.50 b a o b f h N 13+16 S
2 0.30 b a a new-1 f h 2* 13+16 D
2+ 0.20 b a a new-1 f h N 6+8 D
Andalucía 344 1 1 0.70 b — o new-5 g h 2* 6+8 S
2 0.20 b — o new-4 g h 2* 20x+20y D
3 0.10 c — o new-5 g h 2* 6+8 D
Blanquillon de Boñar 1 1 1.00 b — a new-1 k l 2* 7 S
2 1 1.00 b — a new-1 k l 2* 7 S
Blanco de Corella 1 1 1.00 b — a new-1 f new-1 2* 6+8 S
2 1 1.00 b — a new-1 f new-1 2* 6+8 S
Berberisco 1 1 1.00 e — o c new-1 l N 20x+20y S
2 1 0.30 e — o c new-1 l N 20x+20y S
1+ 0.30 e — o c new-1 l N 20x+20y D
2 0.40 c a o c new-1 l N 20x+20y D
Carita de Ratón 1 1 1.00 e — o c new-2 t N 6+8 S
2 1 1.00 e — o c new-2 t N 6+8 S
Fanfarrón 1 1 1.00 g a o a g new-4 N 6+8 S
2 1 1.00 g a o a g new-4 N 6+8 S
Forment 1 1 1.00 b a a new-2 a new-2 2* 6+8 S
2 1 1.00 b a a new-2 a new-2 2* 6+8 S
Granja de Badajoz 1 1 1.00 e — a c b t N 20x+20y S
2 1 0.90 e — a c b t N 20x+20y S
2 0.10 b — o b new-3 h N 6+8 D
3 1 0.90 e — a c b t N 20x+20y S
2 0.10 c — a c g h N Hetb D
Hymera 1 1 1.00 c a o c g t N 20x+20y S
2 1 1.00 c a o c g t N 20x+20y S
Lebrija 1 1 0.90 b a o b o h N 20x+20y S
2 0.10 b — o new-3 o h N 6+8 S
2 1 0.70 b a o b o h N 20x+20y S
2 0.10 b a a new-1 o h N 20x+20y D
2+ 0.10 b a a new-1 o h 1 6+8 D
3 0.10 new-2 — a c o h N 20x+20y D
Ledesma 1 1 1.00 c — o c g h N 20x+20y S
2 1 1.00 c — o c g h N 20x+20y S
Marqués 1 1 1.00 c — o c b new-3 N 6+8 S
2 1 0.90 c — o c b new-3 N 6+8 S
2 0.10 c a o c b new-3 N 6+8 Het.
Mindum 1 1 1.00 c — a a f h N 6+8 D
2 1 1.00 a — a a a a N 7+8 D
Raspinegro 1 1 1.00 c a o c o h N 20x+20y S
2 1 0.90 c a o c o h N 20x+20y S
2 0.10 c — o c o h N 20x+20y S
within potential duplicate groups. Nine out of the 23
potential duplicates showed no agro-morphological
differences between duplicate accessions. The rest
were distinct in up to four agro-morphological charac-
ters (Table 2). Differences in SSRs between gt. 1 of
duplicates ranged from 0 to 19 alleles. Most of them
differed in two or fewer SSRs. The maximum sJ for
SSRs between distinct accessions was 0.777. The two
accessions of Alaga, Berberisco, Forment, Mindum
and accession 3 of Semental displayed shorter simila-
rity values within duplicates. However, accessions in
Alaga, Berberisco, and Forment groups were closer to
each other than to other accessions. They differed in 
4 SSRs at least, and in 1 or 2 agro-morphological
characters. The cut off threshold for dGP was 50.291.
The two accessions of Alaga, Hymera, Fanfarron, Min-
dum, accession 2 of Rubio de Badajoz and accession
3 of Semental showed larger distances within dupli-
cates, being closely related to other accessions. Diffe-
rences within these duplicates varied from 1 to 19 SSRs
and from 0 to 4 agro-morphological characters (Table 2).
An inter-group duplication was detected between Ras-
pinegro and ‘Senatore Capelli’ for gliadins, HMWG
subunits, and total protein (Table 1). The duplication
was confirmed with SSRs (sJ≥0.777 and dGP≤4.333)
and with the agro-morphological data.
Intra-accession variability
For heterogeneous accessions several genetic simi-
larity parameters were analysed to compare the intra-
accession genotypes, gt. 1+, gt. 2, gt. 2+, and gt. 3,
with gt. 1 (Table 3). Differences involved 0 to 5 gliadin
loci and 2 to 16 SSRs. Dissimilarities in two or more
gliadin loci (putative off-types) were analysed separa-
tely from differences in one or no loci (probable bioty-
pes). Protein analysis indicated that 11 genotypes were
probable off-types differing in two gliadin loci at least
(Table 1). All of them were distinct in HMWG subunits
and/or total protein. These genotypes had I ≤ 0.66 and
PH < 80% with gt. 1, except for gt. 2 of accession 1 of
Lebrija PH = 81.81 (Table 3). Genetic distances dRW
were shorter with other accessions than with accessions
included in the same duplicate. The same results were
obtained with sJ for SSRs data although gt. 2 of accession
3 of Granja de Badajoz was not analysed. All these
possible off-types were confirmed with dGP, except for
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Table 1 (cont.). Gliadin (Gli- alleles), high molecular weight glutenin (HMWG) subunits encoded at Glu- loci and total pro-
tein of the potential duplicate groups of durum wheat accessions
Variety group
Accession Genotype
a
Gli-A1 Gli-A3 Gli-B5 Gli-B1 Gli-A2 Gli-B2 Glu-A1 Glu-B1
Total
no. No. Frequency protein
b
Recio de Baza 1 1 1.00 b — o b new-3 h N 6+8 S
2 1 1.00 b — o b new-3 h N 6+8 S
Reción 1 1 1.00 b — o c new-1 t N 6+8 S
2 1 0.70 b — o c new-1 t N 6+8 S
2 1+ 0.30 b — o c new-1 t N 6+8’ S
Rubio de Badajoz 1 1 1.00 e — a b a new-5 N 6+8 S
3 1 1.00 e — a b a new-5 N 6+8 S
Rubio de Miajadas 1 1 1.00 b a a c new-4 h N 6+8 S
2 1 1.00 b a a c new-4 h N 6+8 S
Semental 1 1 1.00 new-1 — o a b a 1 20x+20y S
2 1 0.90 new-1 — o a b a 1 20x+20y S
2 0.10 Het. — o a b new-6 1 20x+20y D
3 1 1.00 b — o b new-3 h N 6+8 D
Senatore Capelli 1 1 1.00 c a o c o h N 20x+20y S
2 1 1.00 c a o c o h N 20x+20y S
3 1 1.00 c a o c o h N 20x+20y S
Verdial 1 1 1.00 e a o c new-4 l 2* 6+8 S
2 1 1.00 e a o c new-4 l 2* 6+8 S
a The main genotype 1 of each accession is in bold. b S, similar; D, dissimilar, to the gt. 1 of the duplicate. Het: heterozygous.
gt. 2 of accession 1, and gt. 2 and gt. 3 of accession 2
of Lebrija group.
Analysis of potential biotypes indicated that four
genotypes (in Andalucia 344, Marques and Raspinegro
accessions) differed from gt. 1 in one gliadin locus
(Table 1). These genotypes possessed I > 83% and
PH > 80% with gt. 1. Except for Raspinegro, all of
them were distinct from gt.1 in total protein (Tables 1
and 3). A more precise analysis of the Marqués accession
indicated that gt. 2 was a heterozygote since total pro-
tein gt. 1 was included in gt. 2. Genotype 2 of Anda-
lucia 344 also diverged in HMWG subunits from gt. 1.
The values of dRW with gt. 1 were shorter than that
found between different accessions, except for gt. 2 of
Andalucia 344. SSR data indicated that these potential
biotypes differed from gt. 1 in 9 to 12 alleles and
overtook the threshold established for sJ and dGP.
However, they were more related to gt. 1 than to other
accessions based on sJ values. In two additional cases
intra-accession genotypes were identical in gliadins
but showed slight differences in HMWG subunits or
total protein (gt. 1+ of accession 2 of Berberisco and
gt. 1+ of accession 2 of Recion, Table 1). Both were
closely related to gt. 1 with dRW (Table 3). For SSRs,
they were also grouped with sJ but not with dGP. In only
one case an intra-accession genotype possessed the
same protein composition as the gt.1 of a distinct dupli-
cate group: gt. 2 of accession 2 of Granja de Badajoz
with gt. 1 of Recio de Baza (Table 1). They differed in
3 SSRs and were grouped with both sJ and dGP (Table 3).
Pearson correlation coefficients (data not shown)
within duplicates indicated that the number of un-
shared SSRs, and sJ, were significantly correlated with
the number of unshared agro-morphological traits
(p < 0.01), PH (p < 0.05), and I (p < 0.01), while dGP
was not signif icantly correlated with the three later
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Table 2. Comparison of the genotypes 1 for agro-morphological characters and SSRs between accessions of the potential
duplicate groups
Variety group
Accession
Unshared agro-morphological characters
Unshared
sJa dGPbcompared SSRs
Alaga 1 vs 2 Grain color, Days to flower 7 0.548 86.208
Almendral 1 vs 2 None 0 1.000 0.000
Blanquillon de Boñar 1 vs 2 None 0 1.000 0.000
Blanco de Corella 1 vs 2 Flag leaf habit 0 1.000 0.000
Berberisco 1 vs 2 Mature spike habit 4 0.714 1.166
Carita de Ratón 1 vs 2 Flag leaf habit 1 0.920 0.166
Fanfarrón 1 vs 2 None 2 0.846 5,704.335
Forment 1 vs 2 Glume-shoulder shape, Glume-shoulder length 4 0.714 12.083
Granja de Badajoz 1 vs 2 Flag leaf habit 0 1.000 0.000
3 vs 1, 2 None 1 0.920 0.166
Hymera 1 vs 2 Anthers pigment 1 0.920 3,750.000
Lebrija 1 vs 2 Flag leaf habit, Anthers pigment 0 1.000 0.000
Ledesma 1 vs 2 None 0 1.000 0.000
Marqués 1 vs 2 Days to flower 0 1.000 0.000
Mindum 1 vs 2 Awn color, Plant height 19 0.116 951.416
Raspinegro 1 vs 2 Flag leaf habit 0 1.000 0.000
Recio de Baza 1 vs 2 None 0 1.000 0.000
Reción 1 vs 2 None 0 1.000 0.000
Rubio de Badajoz 1 vs 3 None 0 1.000 0.000
2 vs 1, 3 Mature spike habit 1 0.920 5,766.000
Rubio de Miajadas 1 vs 2 Flag leaf habit 1 0.920 0.166
Semental 1 vs 2 Flag leaf habit, Mature spike habit 0 1.000 0.000
3 vs 1, 2 Glume hairiness, Glume colour, Glume-beak curvature, 16 0.200 1,820.958
Glume-beak length
Senatore Capelli 3 vs 1, 2 Mature spike habit, Days to maturity 1 0.920 1.041
1 vs 2, 3 Glume length, Plant height 2 0.846 6.208
Torcal 1 vs 2 None 3 0.777 0.500
Verdial 1 vs 2 Awn colour, Glume internal hairs, Glume-beak length 3 0.777 16.708
a Jaccard similarity index. b Goldstein and Pollock distance.
variables. Correlations were signif icant (p < 0.01)
between PH and I, and between sJ and dGP.
Discussion
Most of the potential duplicate groups analysed in
this study refer to accessions derived from the same
original population collected at the beginning of the 20th
century. These accessions were maintained in different
breeder collections, or came from the USDA-ARS
germplasm collection. To characterise probable dupli-
cation, eight protein loci (coding for gliadins and
HMWG subunits) and 24 SSRs were used. This number
is comparable with that reported by Virk et al. (1995)
who demonstrated that 26 polymorphic markers were
enough to detect at least one difference between sus-
pected pairs of rice duplicates at 99% probability. The
24 SSRs were selected based on their polymorphism
in wheat and their position on the genetic map (Röder
et al., 1998; Maccaferri et al., 2003). Except for 1AL,
1BL, 4AS, 6AS, and 6BS, all the chromosome arms
were covered. Nevertheless, 6AS and 6BS were ana-
lysed with the gliadin loci Gli-2, and 1AL and 1BL
with HMWG subunit loci Glu-1. Moreover, the infor-
mation from total protein analyses allowed coverage
of a wider genome area.
Twenty-one out of the 23 potential duplicates ana-
lysed possessed the same gt. 1 for gliadins, HMWG
subunits and total protein (Table 1). They differed in
three agro-morphological characters at most. In gene-
ral, these characters had low discriminating power (flag
leaf habit, mature spike habit, or glume length) or were
affected by environmental conditions, such as anther
pigment (Ruiz and Aguiriano, 2004). The two cases of
dissimilarity, Mindum and accession 3 of Semental,
were also confirmed with SSRs (Table 2). Semental
presented differences in four agro-morphological
characters, but Mindum differed only in two traits. So,
the later duplicate group was difficult to solve based
only on agro-morphological data.
Eighteen of the 21 possible duplicates with identical
gt. 1 for proteins showed none or little differences in
SSR alleles (from 1 to 3). In agreement with passport
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Table 3. Comparison of genotypes (gt.) of heterogeneous accessions with the main genotype (gt. 1) for gliadin, high 
molecular weight glutenin (HMWG) subunits and total protein.
Accession
gt. Unshared HMWG/
Unshared
Variety
number
compared gliadin %PHa Ib total dRWd SSRs
sJe dGPf
with gt. 1 loci proteinc
Almendral 2 2 2 73.91 0.66 D/D 0.612 14 0.263 14,852.875
2 2+ 2 73.91 0.66 D/D 0.612 12 0.333 4,371.833
Andalucía 344 1 2 1 82.35 0.83 D/D 0.500 12 0.333 4,656.583
1 3 1 88.23 0.83 S/D 0.353 9 0.454 11,046.667
Berberiso 2 1+ 0 100.00 100.00 S/D 0.000 2 0.846 1,697.708
2 2 2 69.23 0.66 S/D 0.500 6 0.600 117.208
Granja de Badajoz 2 2 5 18.52 0.16 D/D 0.866 16 0.200 1,899.000
3 2 3 28.12 0.50 D/D 0.661 — — —
G. de Badajozg 2 2 0 100.00 100.00 S/S 0.000 3 0.777 40.375
Lebrija 1 2 2 81.81 0.66 D/S 0.612 9 0.454 40.958
2 2 2 69.56 0.66 S/D 0.500 6 0.600 40.166
2 2+ 2 69.56 0.66 D/D 0.707 8 0.500 331.791
2 3 4 57.69 0.33 S/D 0.707 5 0.655 18.500
Marqués 2 2 1 83.33 0.83 S/D 0.353 10 0.411 7,750.666
Raspinegro 2 2 1 91.67 0.83 S/S 0.353 — — —
Reción 2 1+ 0 100.00 100.00 D/S 0.353 2 0.846 60.333
Semental 2 2 2 65.22 0.66 S/D 0.500 8 0.500 415.041
a Percent gliadin pattern homology. b Nei’s coefficient of genetic identity based on gliadin alleles. c S,D are similar and dissimi-
lar, respectively, to the gt. 1 of the duplicate. d Distance of Rogers as modified by Wright based on gliadin and HMWG subunits
alleles. e Jaccard similarity index based on SSRs alleles. f Goldstein and Pollock distance based on SSRs alleles. g The compa-
red gt. 1 was from Recio de Baza.
data information, all of them presented shorter distan-
ces with accessions of the same potential duplicate
than those obtained for distinct accessions. Six of them
were identical duplicates with no differences between
duplicate accessions for any of the genetic markers
analysed (agro-morphological, proteins, and SSRs).
Identical duplicates in ex-situ collections are not fre-
quent, even in an autogamous species like wheat.
In three cases, discrepancies in variation detected
by proteins and SSRs, and also between sJ and dGP in-
dexes, were found. Three duplicates were verified with
sJ (Hymera, Fanfarron, and accession 2 of Rubio de
Badajoz) but not with dGP. The discrepancies between
both indexes were caused by the presence of null
alleles, which increased dGP values. On the contrary,
two potential duplicates (Berberisco and Forment) with
four unshared SSRs were only verified with dGP becau-
se the differences between allele sizes were short. A
similar result was obtained with accession 3 of Semen-
tal that possessed the same protein composition (Table
1) and morphotype as the two accessions of Recio de
Baza. They were separated with sJ (6 unshared SSRs)
but not with dGP (dGP = 0.833).
The two duplicate accessions of Alaga, with seven
unshared SSRs, exceeded the threshold established for
sJ and dGP. However, the two accessions were closer re-
lated to each other than to other accessions with sJ.
Both accessions seem to be agro-types with contrasting
seed colour and days to flower (Table 2). In agreement
with Aguiriano et al. (2006), in the past, it could be
intentional splitting of the original sample into mor-
phologically distinct parts. Tranquilli et al. (2000) also
found an Argentinean wheat landrace with conside-
rable variation in agro-morphological characters but
no variation in HMWG subunits and isozymes. The
diversity observed was explained by artificial selection
carried out in the local area.
The significant correlations detected between the
number of unshared agro-morphological traits and
SSRs indicated a good concordance between molecular
marker diversity and morphotype when a small number
of genotypes are screened (Crouch et al., 2000). However,
differences in agro-morphological traits did not imply
differences in molecular data and viceversa.
No obvious intra-accession differences for agro-
morphological descriptors were detected in heteroge-
neous accessions at gliadin loci. A gliadin genotype
was classified as a biotype if its frequency was larger
than 5% and it was different from gt. 1 in not more than
one gliadin-coding locus (Metakovsky, 1991). Otherwise,
a genotype was classified as an off-type. All the po-
tential off-types for gliadins were confirmed with sJ.
They differed in 5-16 SSRs from gt. 1 (Table 3) in
agreement with the upper limit of 3 unshared SSRs
obtained between gt. 1 of accessions of the same du-
plicate (Table 2). The potential gliadin off-types were
also confirmed with dGP except for Lebrija duplicate.
In this case, the genotypes have probably varied for 
a long time but maintaining a genetic relation with
gt. 1. The heterozygosity at two SSR loci in gt. 2 of
accession 1 (Table 3) also suggests the possible occurrence
of outbreeding during multiplication. Accordingly,
safety measures such as species alternation are re-
commended during regeneration since other cases of
heterozygosity were detected (Table 1).
Most of the admixtures observed were heterogeneous
at Gli-B1 (Table 1). It is known that gliadin alleles en-
coded at this locus have contrasting relationships with
quality. Therefore, quality of a sample of a heteroge-
neous variety may depend on the presence and frequen-
cy of diverse gliadin biotypes. In this study, gt. 2 and
gt. 2+ of accession 2 of Almendral possessed allele
new-1, which conferred poorer quality than b present
in gt. 1 (Aguiriano et al., 2009). This valuable informa-
tion should be considered in evaluation and utilization
of the sample.
The potential gliadin biotypes dissimilar in one
locus were not confirmed as biotypes with HMWG
subunits or total protein, and SSRs (Table 3). Probably,
these closely related genotypes have diversified during
maintenance in the Bank. Only those genotypes iden-
tical in gliadin composition and showing few differen-
ces in HMWG subunits or total protein were verified
as biotypes with SSRs: gt. 1+ of accession 2 of Berbe-
risco, gt. 1+ of accession 2 of Reción, and gt. 2 of
accession 2 of Granja de Badajoz in comparison with
Recio de Baza. The analysis indicated that the biotypes
verified with sJ differed in no more than one protein-
coding locus whether it coded for gliadins, HMWG
subunits, or one band of total protein.
Comparison analyses of the two similarity indexes
used to examine gliadin genotypes (PH and I) with
SSRs showed that, in general, PH and I with values
lower than 80 identified clearly off-types with more
than 3 SSRs unshared. Sapirstein and Bushuk (1985)
also considered a cutoff threshold of 80 for PH to diffe-
rentiate varieties. Although band treatment of the infor-
mation (PH) appears less discriminating, because of
redundancy, than allelic treatment (I) both were signifi-
cantly correlated. However, correlations with the number
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of unshared SSRs were higher with I than with PH.
One disadvantage of the analysis of PH over allelic
composition is the diff iculty of comparing protein
patterns of different varieties evaluated in different
electrophoretic gels. The mistakes in accession 3 of
Semental and gt. 2 of accession 2 of Granja de Badajoz
(both similar to Recio de Baza), and the duplication
between Raspinegro and Senatore Capelli, were de-
tected based on protein alleles and confirmed with
SSRs. In contrast, identification of alleles is sometimes
complicated and labour-consuming.
In the present research sJ and dGP were significantly
correlated. Jaccard’s index is based on allele frequen-
cies shared and an inf inite allele mutation model.
Goldstein and Pollock distance, was developed speci-
fically for microsatellite applications and assumes a
single-step mutation model.With Jaccard’s no homoplasy
exists and it can overestimate similarities among
individuals. This overestimation was not observed in
this study. Possible bias to homoplasy could be mini-
mized by the use of dinucleotide loci and compound
repeats as suggested Maccaferri et al. (2003). The dis-
crepancies between both genetic indexes were mainly
due to the incidence of null alleles. Moreover, simila-
rities between and within accessions not found with sJ
were detected with dGP. In these cases, allele differen-
ces were high in number but not in size, indicating that
there was a close relation between the genotypes com-
pared. From the standpoint of managing large ex-situ
germplasm collections, the fate of not identical but
closely related accessions and genotypes are complex
decisions.
In general, a good concordance among proteins,
morphological traits and SSR were detected, mainly
when the differences were high. However, the discre-
pancy in similarity detected in some cases between the
different data sets showed that it is advisable to eva-
luate germplasm through distinct approaches. The
three types of proteins used were an excellent tool to
detect duplicates and discriminate among admixtures
in the accessions. In addition, protein analysis has a
lower cost (economic and personnel) than agro-mor-
phological and SSRs data. There was a good concordance
between the two SSRs indexes used. In the cases of
discrepancy both reported complementary information
if null alleles are avoided. The analysis together of pro-
teins and SSRs data are very useful to identify potential
duplicates, mistakes not found with passport informa-
tion and to distinguish authentic biotypes, closely related
genotypes, and contaminations.
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